Invasive cervical cancer is preceded by a long premalignant phase known as cervical intraepithelial neoplasia (CIN). 2 The goal of cervical cancer screening is the detection and treatment of precancer before cancer develops. [3] [4] [5] To detect cervical intraepithelial neoplasia grades 2 or 3 (CIN 2-3), which are considered to be true precancerous lesions, we need a well implemented secondary prevention system that provides screening for all women at risk as well as treatment of detected abnormalities according to local policy. The Papanicolaou (Pap) smear has been shown to be highly effective in developed countries that have widespread screening programs. However, in India, as in most other developing countries, only a small proportion of women at risk are screened. In developing countries, because of the lack of trained cytotechnologists and cytology laboratories, there is often a long interval (1-3 months) between the Pap screenings and when the test result is available. 6 Additionally, only a small percentage of women with positive Pap smears have diagnostic evaluation and treatment, because of the lack of health centers that are able to treat preinvasive lesions. These problems with Pap smears have stimulated research on alternative tests, including visual inspection with acetic acid (VIA). VIA has demonstrated high sensitivity for detecting CIN and cervical cancer, but it is limited by low specificity. VIA is based on acetowhitening, with the CIN turning white when exposed to 5% acetic acid (vinegar). VIA has the advantage of requiring only low-technology equipments and the result is available within a couple of minutes. These characteristics make VIA a realistic alternative for low-resource settings. In India, cervical cancer screening based on the Pap smear is available in private and public health centers only in urban areas. However, there are several barriers to broad patient access to this screening. In addition, there is no nationwide quality control system to assure accurate screening. VIA has been only available in low-resource areas, The protocol described in this article was developed to evaluate whether VIA has a role as a screening test not only in first-level health centers in lowresource areas, but also in a tertiary health care center where Pap testing has been the norm. The Institute differs from low-resource settings in that it has the latestgeneration equipment, the physicians are highly trained specialists, and there is a well-established cytology laboratory that provides evaluation and diagnosis of cervical cytology.
METHODS
This study targeted sexually active women between 30 and 60 years old who had no history of CIN or cervical cancer (Although WHO recommends VIA screening for women in the age group between 30 and 49, but we screened women of age 30-60 so that these women between 50-60 age group who have never had a speculum examination at least get a speculum examination by a trained specialist). 7 The women voluntarily visited the department of 0bstetrics and gynaecology, G.S.V.M.
Medical College, Kanpur, between September 2014 and October 2015 for a general check-up and cervical cytology. We excluded women who were currently pregnant or who had a history of abnormal cytology, previous treatment for CIN or cancer, or obvious invasive cancer at the time of the clinical evaluation. Women with severe cervicitis were excluded until they had completed treatment. Women were included in the study after they were given information about the study, agreed to participate, and provided consent. Study subjects had a complete physical examination and pelvic evaluation done. The Pap smears sampling and VIA were performed by the same evaluator.
A speculum examination started with a direct visual evaluation of the cervix to identify cervicitis, leukorrhoea, polyps, ulcers, etc. A Pap smear sample was then taken using a conventional wooden Ayres spatula. The smear was fixed with ethanol for 30 minutes. VIA involved gentle application of 5% acetic acid using a small piece of cotton for one minute. After 1-2 minutes a naked-eye evaluation was performed under 100-watt illumination. The evaluator filled out a form with general information on each woman, clinical findings at pelvic evaluation, results of the VIA, and results of colposcopy when indicated. The results of the Pap smear were reported according to the Bethesda System. 8 We considered as positive any cytology diagnosis that included atypical squamous cells of undetermined significance (ASCUS), low-grade intraepithelial lesion (LSIL), high-grade intraepithelial lesion (HSIL), or invasive cancer. VIA was considered positive when an acetowhite lesion was observed within the transformation zone. If an acetowhite lesion was detected, the participant was immediately informed, and a colposcopy was done on the same day. Women with a negative VIA were given an appointment within a week to receive their Pap results and to have colposcopy if the Pap was positive.The time interval between the first evaluation, where the Pap smear and VIA were performed, and colposcopy was one week in women with a positive Pap smear. Colposcopy was performed. A directed biopsy was taken and fixed in 20% buffered formalin only if an acetowhite lesion was detected; women without acetowhite lesions during the colposcopic evaluation were considered as normal and did not have a biopsy. Pap smears were screened and reviewed by a pathologist. Biopsies were evaluated by pathologists blinded to the VIA results. For the statistical analysis, we considered as cases women with a final histology of CIN 2 or greater. Women with abnormal cytology or VIA but without colposcopy and biopsy were considered as lost to follow-up. They were excluded from the statistical analysis because they did not have a biopsy, and therefore, their final status is unknown. Observed data were analysed using spss software by chi square test.
RESULTS
We evaluated 1520 women who fulfilled the eligibility criteria and provided informed consent. Their mean age With regard to cytology history, 84% of the women had never had a Pap smear; only 4% had had one within the preceding year, 3% within one to three years, 5% within four to five years, and 4% more than five years before the study (Table 2) . During the clinical evaluation (before the application of 5% acetic acid) 782 women (51.4%) were observed as having a normal cervix, 554 (36.4%) had cervicitis, 182(11.9%) had ectopy, and 2 women had leukoplakia. Of the 1520 women, 105 of them (6.9%) had a positive VIA, and 64 (4.2%) had a positive Pap smear (P =0.0001) ( Table 3) .
It is important to mention that 9 women (0.6%) had a positive result on both tests; that is, 96 women (6.3%) were only VIA positive, and 55 women (3.6%) were only Pap-positive. Of the 105 women who had a positive VIA, 3 of them (2.8%) did not return for colposcopy and biopsy. In contrast, of the 64 women with a positive Pap smear, 17 of them (26.5%) did not return for colposcopy and biopsy (P<0.0001) ( Table 4 ). These patients were lost despite efforts to contact them with phone calls to them and/or their relatives. Seventy-seven women underwent a biopsy during the study. 5 had a result of normal, 26 had cervicitis, 8 had metaplasia, 27 had CIN 1, and 11 had CIN 2-3. Among these 11 patients with a biopsy result of CIN 2-3, VIA was positive in 9 of them (81.8%), and cytology was positive in 4 of them (36.3%). The positive predictive value (PPV) for detection of CIN 2 or worse was 6.2% for the Pap smear and 8.5% for the VIA (P = 0.5) ( Table  4) . For these reasons, in recent decades other alternatives have been explored, such as human papillomavirus (HPV) DNA testing and VIA. HPV DNA testing has shown very high sensitivity and is being recommended in high-resource countries. 9 However, its current price and technology requirements make this option unrealistic for poor areas. 10 until a low-cost, same-day HPV test and realistic strategies are developed. 11 VIA has arisen as a promising alternative for developing countries because it is inexpensive and fast and requires a low level of training and no special equipment. Some previous reports have observed that VIA can reach similar or better results than the Pap smear in the detection of CIN, Further, it is important to mention that there had been no prior experience with using VIA in a high-resource setting in a developing country. In general, the sensitivity of VIA has been shown to be equal to or better than the Pap smear's, while its specificity has been lower. We planned this study to determine the potential of VIA to supplement or replace the Pap smear in screening in a tertiary care center. It is important to highlight that our positivity rate for VIA was less than that reported by other authors, but we should emphasize that in our study the evaluators were highly trained gynecologists with experience in colposcopy, while in other studies the evaluators were health workers with less training. [12] [13] This finding highlights the importance of training and experience for the performance of visual evaluations. These issues should be considered during the development of protocols in remote areas, where we must ensure adequate training and volume of evaluations to maintain the expertise of the health worker. Another important finding concerned the percentages of women with positive tests who were lost to follow up before colposcopy and treatment. The percentage was significantly lower in VIA-positive women (2.3%) than in women with a positive Pap smear (26.3%) (P<0.0001). We believe that this happened because the VIA positive women knew their abnormal result immediately during the first visit, and they immediately received special counselling about that finding and the importance of returning in a week for colposcopy and biopsy. In contrast, to learn about their Pap smear result (either positive or negative), women had to return one week later for a second visit, which many of them did not do and so never received special counselling about the significance of any positive result. This percentage of participants with abnormal cytology lost before colposcopy might be considered a source of bias at the time of statistical analysis and comparison with VIA. However, this result does reflect the real problems faced with screening based on the Pap test in developing countries. 6 The positive predictive value we report for VIA is lower than that found by Sankaranarayanan et al. 14 This can most likely be explained by our institutional policies, which required us to diagnose and follow up women with any lesion (cytological or visual) suggesting CIN 1. However, the PPV was calculated considering as cases only women with CIN 2-3 histology. Sankaranarayanan et al. found a PPV for VIA of 17%, but they considered as positive at VIA only those cases with a distinctive and clear acetowhite area, which is more likely to be related to CIN 2-3. Our results outline the potential benefits of using VIA at all levels of health care systems in developing countries. 15 VIA increases detection of premalignant lesions of the cervix and diminishes the probability of losing women before they are appropriately followed up and treated. We believe that VIA can be used as a screening tool in poor countries not only in rural areas and small health centers, but also in tertiary care centers, district hospitals, cancer institutes, and other health facilities with better resources. As VIA is a real time test, biopsy and treatment can be performed in the same sitting, thus decreasing the probability of losing the patient.
CONCLUSIONS
VIA is useful for detection of precursor lesions of cervical cancer not only in low-resource settings but also in well-equipped health centers and cancer centers. In these non low-resource settings, VIA has a positive predictive value comparable to the conventional Pap smear, but it is more likely to achieve earlier diagnosis, follow-up, and treatment than cytology based screening.
